A lack of standards that define the energy auditing process and the energy modeling methods for the retrofit building sector has resulted in variable outcomes. One cause of the variability is the limited time industry members have to devote to energy model development coupled with the lack of understanding of which input parameters are the most impactful in terms of energy use projections. For the research presented a case study looked at a retrofitted building which was not performing as the energy model created during the retrofit design had projected and identified possible reasons for the discrepency. LEED documentation, the retrofit design drawings, and the energy model report were used to recreate an eQuest model that aligned with the original eQuest model used for the retrofit design process. A sensitivity analysis was performed to determine the impact specific energy modeling input parameters, identified through the case study, had on the energy analysis outputs. The intent of the research was to confirm that energy modeling input parameters have varying impact on energy use projections. With a clearer understanding of the varying impact input parameters have on energy use projections, industry members can begin to get a sense of where they should allocate time when developing an energy model.
INTRODUCTION
As the architectural, engineering and construction (AEC) industry has continued to place more emphasis on optimizing facilities' energy performance, industry members are beginning to incorporate more energy efficient upgrades into retrofit projects. Just 1 to 1.5% of the total building stock are classified as new construction while approximately 98% of building stock are considering existing buildings in developed countries (Tobias and Vavaroutsos, 2009 ). Most of the existing buildings were created using less energy efficient technologies than are currently available (Benson et al., 2011) . Investing in an energy retrofit can provide environmental benefits, opportunities reduce the facilities risk of environment regulation, and increase appeal to tenants that may desire a green office space (Tobias and Vavaroutsos, 2009) .
In order to determine the energy efficient retrofit upgrades in which to invest, the project team should perform a feasibility evaluation of proposed design upgrades and analyze how upgrades align with the facility owner's goals. To gain an understanding of how a given facility is using energy and how proposed design upgrades may impact energy usage, an energy audit is typically performed. The energy audit of a building is used to collect data about such things as: how the facility is currently operating, with information about the facilities systems, geometry, building usage, and energy consumption (ASHRAE, 2011) . However, a lack of process standards regarding how an energy audit should be performed may result in the collection of incomplete or inaccurate data (Sprau Coulter et al., 2013) . It is important that the audit process provide accurate information and feedback to the project team and facility owner in a timely manner and at a reasonable cost (Pappas and Reilly, 2011) . Since industry members have limited time to dedicate to developing energy models, focus should be on gathering data for the parameters that have the greatest impact on the energy modeling and retrofit decision results. To gain a sense of what inputs deserve the greatest focus, a sensitivity analysis was used to determine the impact of energy modeling input parameters on the energy modeling analysis results for a case study project. The sensitivity analysis enabled the isolation of individual input parameters in the context of the project outcomes.
LITERATURE REVIEW
Industry members and facility owners recognize that reducing a building's energy use can save money over time through reduced operating and maintenance costs, in addition to the environmental benefits. When evaluating retrofit upgrades to implement, project teams typically seek investments that have low payback periods and high return on investments (ROIs). The reliability of the financial return associated with such measures as adding insulation and lighting upgrades make these two of the most commonly pursued retrofit upgrades (Benson et al., 2011) . A better understanding of the impact of individual energy model input parameters may help guide industry members in determining where to spend their limited time when creating an energy model. This may, in turn, increase the industry members' and facility owners level of confidence in the reliability of the energy model results, and enable them to pursue additional retrofit upgrades.
A retrofit project can be divided into three stages: 1) collection of information before the site visit; 2) on-site information gathering, (at various audit levels); and, 3) evaluation, through energy analyses, of the proposed design alternatives (Pappas and Reilly, 2011) . During the third stage, the energy model should be carefully calibrated against known utility data (Pappas and Reilly, 2011) . While the retrofit feasibility process may appear straightforward, there lacks defined processes for how individuals should perform an energy audit and the exact information that should be collected (Sprau Coulter et al., 2013) . Similarly, performing an energy audit often requires substantial time and resources, while the resulting energy models often produce unreliable simulation results (Menassa, 2011) . If the energy model does not align with the utility bills, there is an implicit lack of understanding of how the building is functioning which will negatively impact the accuracy of the retrofit option energy model results (Waltz, 2000) .
While there are environmental benefits associated with energy based retrofits, the primary purpose of a retrofit is to save money. Therefore, project teams and facility owners want an accurate estimate of savings associated with proposed upgrades to justify potential retrofit investments (Waltz, 2000) . Process standards that define how data should be collected during an energy audit and the appropriate energy modeling processes would help to reduce some of the issues with variability (Sprau Coulter et al., 2013) . Similarly, a clearer understanding of which energy modeling input parameters has the most impact on energy modeling accuracy, would help industry members make informed decisions when evaluating upgrade options.
RESEARCH GOAL
The goal of the research presented is to identify the impact the energy modeling input parameters, included in the study, have on energy modeling analysis results. Industry members have a limited amount of time that they are able to dedicate towards developing energy models. By determining the impact that specific energy modeling input parameters are having on energy modeling analysis results, industry members will be able to begin to determine where they should focus their efforts when they are developing their baseline energy models.
RESEARCH METHODOLOGY
An exploratory case study was first performed of a recently retrofitted facility that was not performing according to the energy model predictions, with projected and actual energy use for a one year period shown Table 1. The facility utilized for the case study was a 76,000, multi-story building located in Centre County Pennsylvania region. The design team used an eQuest model during the retrofit design process, in which the facility was modeled as a multi-use facility to mimic the variety of space types, including offices, classrooms and laboratories. During the exploratory case study, the researcher analyzed the existing documentation available from when the facility was retrofitted. Documentation used included existing drawings, detailed LEED documentation, and a detailed energy model report. Similarly, existing building meter data gathered post-building retrofit, coupled with the supporting documentation was used in the development of an energy model that aligned with the original eQuest model used throughout the retrofit design decision process. The research team then sought possible reasons for any discrepancies between the original energy model and actual building energy use. In an ideal world, energy modelers would have an unlimited amount of time to spend creating energy models that are 100% accurate. However, project timelines and budget limitations place boundaries on the time that industry members are able to allocate to developing such models. The exploratory case study was used to confirm that the energy models which industry members are creating and using to assist with making decisions on retrofit projects are incorrectly predicting building performance. While this area of research is not unusual, as several researcher have presented shortcomings in the performance outcomes of LEED Facilities as compared with their design energy models (Stoppel and Leite, 2013) , the focus of this research is the presence of an existing building with available data that could create a reasonable baseline of the energy use. Using the available documentation, an eQuest model was recreated by the researcher to represent the original energy model used to make decisions during the retrofit design process. While there are discrepancies between the two models, all attempts were made to recreate the original baseline model and the overall energy use is within 1%, see Table 2 . The energy model reports and discussions with the original design team were used to capture the core modeling assumptions made, due to the limitation on accessing the original model. Along with recreating an energy model that aligned with that used throughout the retrofit design process, the exploratory case study investigated possible reasons for the discrepency between the actual building energy use and original energy models projected energy use. When reviewing the energy model used during the retrofit design for the case study investigated, it was discovered that many of the input parameters used within the energy model where default parameters. Rather than customizing inputs, such as equipment setpoints and occupancy schedules which are typically feasible to collect during an energy audit and customize when developing the energy model, default parameters rely upon typical standards and assumptions built into the software. The original energy model was created for LEED certification, where using standards and default values is acceptable. However, for an owner who desires an accurate representation of how their building will be performing under retrofit building conditions, it would support the decision making process if the modeler revised the model using input parameters that aligned with the actual building conditions.
A simple, one-way sensitivity analysis was used to analyze the impact the input parameters, which were originally modeled inaccurately, had on the energy modeling analysis results. The recreated energy model was used to perform the sensitivity analysis. "Sensitivity analysis can help the reviewer to determine which parameters are the key drivers of a model's results" (Taylor, 2009) . A series of simple one-way sensitivity analyses were performed, each time a single energy modeling input parameter was altered and the remainder of the inputs remained constant. When using a customizable one-way sensitivity analysis, the researcher have to isolate individual energy modeling parameters and make decisions about the degree to alter those individual parameters, this enables one to determine whether or not parameters have a significant impact on the energy modeling analysis results (Chambal et al., 2011) .
SENSITIVITY ANALYSIS
There is a large number of energy modeling parameters that an industry member can customize when developing an energy model for a retrofit project, which is why determining where to focus ones efforts is such a daunting task. Similarly, only a limited number of energy modeling input parameters were able to be included in the study. In determining which input parameters to include in the study, emphasis was placed on inputs that aligned with some of the issues that were identified through the exploratory case study interviews. The scope of the parameters focused upon inputs which were left as default or specific to the LEED requirements.
Parameters Investigated
When performing the one-way sensitivity analysis for the research presented the parameters which were investigated are listed below:
 Data that could easily be collected during the on-site assessment, e.g. thermostat setpoints;  Information that could be collected through briefly speaking with building occupants or a facility manager, such as occupancy schedules, and  Data that could be retrieved from brief dialog with building operation and maintenance personnel, e.g. equipment setpoints. These parameters also are likely to remain consistent pre and post retrofit, and would be easy to customize if the study verifies they significantly impact the accuracy of the energy modeling analysis results. Similarily, these parameters could be easily isolated and studied for the proposed investigation. Additional details about the analysis and outcomes follow.
Sensitivity Analysis Outcomes Building Operational Schedule
One of the sensitivity analysis runs focused on building operation schedule. Building operation schedule data pertains to times when the building is occupied and unoccupied. Both the model that was developed during the retrofit design and the model recreated for this study were based upon a typical 40 hour work week, with the building closed weekends and for typical holidays. However, the facility retrofitted remains opened additional hours during the week and operates at a condensed schedule on weekends. Interviews with industry members indicated inadequate time is typically spent customizing occupancy schedules to accurately represent existing facility conditions. While this is understandable in new construction, as the schedule may not be known, in retrofits there is often ample information unless the facility is drastically changing in use.
The building operational schedule sensitivity analysis was divided into six stages. The first stage left the building closed on weekends, the opening time at 8 AM, and varied the closing time between 5 PM and midnight; using 1 hour intervals to perform the analysis. The second stage was identical to the first, however the opening time was changed to 7 AM. The third stage involved having the facility open from 9 AM to 3 PM on the weekend, the opening time was 8 AM during the week, and the closing time varied between 5 PM and midnight; with 1 hour intervals used for the analysis. The fourth stage was identical to the third stage, however the weekday opening time was changed to 7 AM. For the fifth stage, the facility was open from 9 AM to 4 PM on the weekends, the opening time during the week was 8 AM, and the closing time during weekdays was varied between 5 PM and midnight, with 1 hour intervals used for the analysis. The sixth and final phase was identical to the fifth, however the weekday opening time was changed from 8 AM to 7 AM.
Thermostat Heating and Cooling Setpoints
The next sensitivity analysis investigated the effect of the occupied and unoccupied heating and cooling setpoints on the energy model's analysis results. These setpoints are the values of the thermostat for cooling and heating of the zones within the facility. Since a simple one-way sensitivity analysis was used, heating and cooling setpoints were analyzed in separate studies. Thermostat setpoints could easily be obtained when performing an on-site assessment. This information can be read directly from thermostats and additional information about how the thermostats are set and operated can be obtained through interviews with facility operators.
The temperatures of 75 °F for the occupied and 82 °F for the unoccupied were used as the baseline values for the thermostat cooling setpoints. The eQuest default value for the occupied cooling thermostat setpoints is 76 °F for occupied and 82 °F for unoccupied; eQuest bases default values on the building type being modeled. The analysis was divided into two parts. For the first part of the analysis, the unoccupied thermostat setpoint was held constant at 82 °F, while the occupied thermostat cooling setpoint was varied between 76 °F and 80 °F using intervals of 1 °F. For the second half of the analysis the occupied cooling thermostat setpoint was held constant at 75 °F and the unoccupied cooling setpoints were varied between 83 °F and 95 °F; once again using intervals of 1 °F.
The analysis for the thermostat heating setpoints was also divided into two parts and performed in the same manner as that of the cooling setpoints. The values that were used in baseline analysis; which aligned with the original retrofit design; were 72 °F for occupied and 64 °F for unoccupied. The eQuest default value for the heating setpoints are 70 °F for occupied and 64 °F for unoccupied. For the first part of the analysis, the unoccupied temperature was held constant at 64 °F while the occupied setpoint temperature was varied between 71 °F and 67 °F, using intervals of 1 °F. For the second part of the analysis, the occupied temperature was held constant at 72 °F and the unoccupied temperature was varied between 63 °F and 59 °F, using intervals of 1 °F. The ranges were based on the actual setpoints used in the facility.
Economizer Setpoints
The facility being analyzed contained an economizer. Throughout the literature review and exploratory case study, issues with the lack of emphasis placed on collecting equipment setpoints and accurately modeling how that equipment is being operated was identified. Therefore the sensitivity analysis included an investigation of the impact of the economizer "high limit." The high limit, which is input into eQuest (in °F), is defined as the maximum allowable outside temperature for which the air-side economizer will work. This means that if the outside temperature is above the specified high limit, the economizer will not run. The high limit value which was used for the baseline study was 65 °F which also aligns with eQuest's default value for economizer high limit temperature. For the sensitivity analysis the high limit temperature was varied by 1 °F. The sensitivity analysis looked at high limit temperatures between 60 -64 °F and 66 -70 °F.
Cooling and Heating Design Temperatures
Similar to the economizer setpoints, a sensitivity analysis was performed to identify the impact cooling and heating design temperatures have on the energy modeling analysis results. For the cooling design temperature, a value of 55 °F was used in the both original model developed during the retrofit design and the energy model recreated for the sensitivity analysis study. Using intervals of 1 °F, the temperature was varied from 56 °F to 60 °F and from 54 °F to 53 °F. The heating design temperature of 95 °F was used for the baseline sensitivity analysis study. When performing the heating design temperature analysis, the temperature was varied from 96 °F to 105 °F using intervals of 1 °F.
RESULTS
There are a number of factors that have the capacity to impact a facilities energy usage. When developing an energy model for a retrofit project, many energy modeling tools allow for the customization of input parameters in order to align the model to existing building conditions. The purpose of the research presented was to take some of the issues that were identified through the literature review and the case study, convert those issues into input parameters and see what type of impact these issues are actually having on an energy model's energy use projections. While the results of the sensitivity analysis cannot be generalized to all buildings, the research presented helps in demonstrating that different input parameters have varying impacts on a buildings overall energy use. In doing so, the research confirmed the need for industry members to be more strategic in identifying their focus during field data collection and model development. The sensitivity analysis revealed that the equipment setpoints analyzed; the cooling design temperature, heating design temperature, and the economizer temperature high limit; all had the minimal impact on the energy modeling analysis results. As shown in Table 3 , a series of setpoints were run for each of these parameters, those used in the recreated energy model (which aligned with the setpoints used in the model used during the retrofit design) were the ideal setpoints. In the context of the building analyzed, the industry member developing the energy model should allocate minimal time to customizing these inputs.
The sensitivity analysis revealed that occupancy schedules, thermostat cooling setpoints and heating setpoints were substantially more influential on the energy use results, as shown in Table 4 . Unlike the previously discussed input parameters, when developing the energy model the industry members did not choose values that aligned with the existing building conditions. These findings were interesting because, not only did these misrepresented inputs have the most significant impact of those studied, but this input parameter data would be relatively easy to obtain through a site visit and from speaking with building occupants. 
CONCLUSIONS
The sensitivity analysis documented how different energy modeling input parameters have varying impacts on energy modeling analysis results, see Table 3  and   Table 4 . When the schedule and setpoint parameters were adjusted, the baseline model could be more accurate. The sensitivity analysis, in particular, showed that the occupancy schedules and thermostat setpoints have the largest impact on the energy modeling results. While these parameters may not be the most influential in all facilities, the type of facility should serve as a first indicator to inform the auditor or modeler that, as a user-intense facility (classroom and lab space), it may not conform to an 8 AM to 5 PM, 40 hour per week schedule. More importantly, the energy use, and any potential savings are likely to be influenced by the schedule. With the limited time energy modelers have to develop energy models, focus should be placed on ensuring that inputs with the most significant impact that can be defined are customized to accurately represent the existing building conditions. Future research will focus on developing this concept to improve energy modeling process standards.
The results were also interesting because the input parameters that had the greatest impact on energy analysis results aligned with existing building information, occupancy schedules and thermostat set points, that industry members could easily have obtained during an energy audit. These parameters typically remain consistent pre and post retrofit, therefore modeling them more accurately would be feasible. Within the research presented, the energy model was created for LEED certification, rather than for influencing decision making. While less influential in the comparative analyses of new building design, the ability to inform the decision process in an energy retrofit seems to be a substantial missed opportunity and an important issue to be considered when buying design services for energy related projects, retrofits in particular.
RESEARCH IMPLICATIONS
The use of sensitivity analysis in this research study was not intended to demonstrate rigorous sensitivity analysis methods to fine tune an energy model, but to demonstrate how the level of rigor in collecting data and developing energy models can be misaligned with the needs of owners in energy retrofits. Simple variation on details that could be, relatively easily, collected would have enabled the energy model to be more precisely calibrated and more accurately represent the actual existing conditions of the studied building. In addition to more accurately representing the energy usage, it could have more realistically demonstrated the true return on investment for the retrofit energy reduction of the project. It is quite understandable, considering the presented example, why firms and financial institutions have a cautious approach to energy retrofit projects. There is a substantial need to define a standard process and model development procedures to enable more consistent and reliable energy modeling efforts in the retrofit market.
RESEARCH LIMITATIONS AND FUTURE RESEARCH
The model that was used in performing the sensitivity analysis was not the actual energy model used throughout the design process when the building was being evaluated, but rather an energy model that was recreated to mimic the original. While the data from the original energy model's report was used in recreating the energy model used for the study and the two models were within 1% in annual energy use, it is likely that there were variations in the modeling assumptions. When performing the one-way sensitivity analyses, focus was placed on targeting energy modeling input parameters. The research also only used a single energy modeling analysis tool. Future research could expand the analysis to include additional input parameters or to see if the same parameters, for the same building would have a different degree of sensitivity if an energy modeling tool other than eQuest was used. Additionally, it would be interesting to perform a more complex sensitivity analysis which explored changing multiple inputs simultaneously to see the impact this may have on the analysis results.
The most important limitation lies in the fact that every building is unique. As such, while it is likely that the same inputs may repeatedly show up to be significant or non-significant, it is important to note that the specific sensitivities which were identified by the study are not absolute sensitivities and cannot be generalized to all retrofit facilities. In order to understand the true sensitivity of input parameters on a specific retrofit facility, that facility would have to be modeled with a sensitivity analysis performed. Performing one-way sensitivity analysis on additional retrofit facilities would help to gauge a better understanding of how the information gathered can be generalized to additional facilities.
